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Solid phase extraction (SPE) and solid phase microextraction
(SPME) are extraction techniques that are used to separate anal3d:es from
aqueous samples. This study investigated the recovery of different
pesticides using these two extraction techniques.
SPME proved to be a better technique to use in the recovery of
pesticides in contrast to SPE. Factors that effected the efficiency of solid
phase extraction were selecting the proper extraction tube, using the
correct solvent for conditioning the tube, and elution of the analytes from
the tube with the appropriate amount of solvent. The factors effecting
solid phase microexctraction were selecting the proper fiber and the
amount of time for equilibrium to be reached between the anal5de and
the sorbent medium. The advantages of solid phase microextraction in
contrast to solid phase extraction is that there is less time required to
complete the extraction, repeated sample analysis using the same
sample, and there is no waste to dispose.
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Acetochlor, alachlor, and metolachlor are chloracetamide
herbicides used in com and soybean production for weed control. i There
has been much concern given to these herbicides because of the
potential for groundwater contamination which may led to surface water
contammination.2 In addition, the EPA classified alachlor as a group B2
carcinogen.3 For this reason, recent research has focused on the
deleterious effects that herbicides and their degradation products have
on humans and aquatic eco^stems.^ Therefore, there have been major
developments in methods to analyze herbicides in environmental water
samples.'* Methods for analysis that show the most promise are
extraction techniques that can be used to separate analytes from
aqueous samples.
Solid phase extraction (SPE) is an extraction technique that
reduces hazardous solvents use that are commonly utilized in traditional
procedures such as liquid-liquid extraction (LLE) for pesticide extraction
from water.5 Reduction in hazardous solvent use is advantageous,
because it decreases the potential of these solvents to further cause
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contamination of the environment. In addition, SPE techniques usually
require less time and less labor than the LLE technique. For instance, to
complete SPE requires approximately fifteen minutes in contrast to the
approximately forly-fiveminutes to complete LLE. Summarized briefly,
SPE procedures include conditioning cartridge with solvent, slow vacuum
filtration of the sample through the packing, and elution from the
cartridge.^ The recovery of the pesticides from water samples is
dependent on the lype of packing of the SPE cartridge and the solvents
used for the conditioning and elution steps.
Solid phase microextraction (SPME) is a more recently developed
technique that is being used and developed for the extraction of
pesticides from water samples. SPME is a solventless extraction
technique in contrast to SPE which requires the use ofminimal amounts
of solvents. Pesticides can be extracted from water samples by exposing
a fused silica fiber coated with a stationary phase to the contaminated
sample. The organic analytes adsorb into the fiber. The fiber is removed
from the sample and is now ready for analysis. The fiber is contained in
a syringe.® To complete SPME requires approximately five minutes in
contrast to SPE which requires fifteen minutes to complete, and forly-five
minutes for LLE. SPME technique combines the extraction and
concentration in one step.'^ In addition, the device used for SPME allows
for in-field extraction of some pesticides.® Recovery of the pesticides is
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dependent on the type of fiber used, the time required to reach
equilibrium (i.e. exposure time), and the concentration of the analytes.
SPE and SPME are both useful techniques for the isolation of
pesticides from water samples. Research has determined that these
techniques will recover a number of pestcides.^-® However, research does
not indicate which technique is more efficient for the recovery of the
pesticides of interest. Previous laboratory experimentation by this
research group focused on a degradation study of the herbicides by a
microbial consortia. Problems arose in the study because of poor
isolation of the degradates by extraction techniques. As a result the
focus of the research was redirected to determine which extraction
technique, SPE or SPME, has the higher percentage recovery of
pesticides from water samples.
The efficiency of SPE versus SPME holds a significant value for
scientist studying pesticides and their degradation products. From the
results of these extraction techniques scientist have been able isolate
alachlor and its’ degradants. In addition, they have been able to
synthesize some of these degradates for further analysis and
confirmation.® Research is continuing to obtain information about the
degradates of metolachlor and acetochlor. In addition, the more efficient
extraction technique will aid researchers in more accuratelymonitoring
ground water for residues affected by the leaching of pesticides.
CHAPTER 2
LITERATURE REVIEW
The use of herbicides by agriculture has increased significantly in
the recent past.® Chloroacetamides have been among the most heavily
used herbicides in the mid-west and nationally since their introduction
in 1956 for use on com and soybeans to control foxtail, bromegrass,
cheatgrass, crabgrass, and certain broadleafweeds.®* One of the more
popular herbicides of the chloroactamide family used is alachlor (2-
chloro-7V^[2,6-diethylphenly]-iV-[methoxymethyl]acetamide) Figure 1.
Alachlor has been used for weed control for such crops as com,
soybeans, peanuts, and cotton since 1969.io*ii
Figure 1. Chemical Structure ofAlachlor
Alachlor has been given much attention because of its carcinogenic
activity found in mammels.i^ This compound has been listed as a Class
4
5
B2 carcinogen by the EPA.i A Class B2 carcinogen is a chemical that is
a probable human carcinogen found as evidence from animal studies.
In addition, alachlor and its degradates have a high leaching potential
from soil into ground water, and surface water, The Canadian
MinisterofAgriculture canceled the registration of alachlor in 1985.^5
The controversy surrounding alachlor brought a need for another
efficient herbicide that could be used for weed control. Metolachlor
became the alternative product for alachlor.
Metolachlor (2-chloro-N [2-ethyl-6-methylphenyl)-JV-(2-methoxy-l-
methylethyl)acetamide] is a chloroactamide that is also used for soybean





Figure 2. Chemical Stmcture ofMetolachlor
Metolachlor was considered to be less carcinogenic to humans at the
time of its’ registration in 1979.Metolachlor became heavily used in
agriculture until it was found to have a higher intrinsic leaching potential
than alachlor in soil.^^ Also, metolachlor was found to be susceptible to
sunlight photodegradation. 1® Alachlor and metolachlor are defined as
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contaminants in the classification of the pesticide potential of
contamination of groundwater, For this reason, another alternative
product was introduced in 1994 called acetochlor to reduce the problems
associated with alachlor and metolachlor.
Acetochlor (2-chloro-iV-ethoxymethyl-2’ -ethyl-6-methylacetanilide]
(Figure 3) was conditionally registered by the US EPA in 1994 as a partial
replacement for alachlor and metolachlor. ^ The conditional registration
of acetochlor is contingent upon the reduction in the use of the most
common herbicides by 3.0x10® kg by March 1999 (5 years).^ The
environmental and health risks have not been completely investigated for
acetochlor; however, Balinova concluded that risk for water pollution for
acetochlor is comparable with the risk of alachlor and methlachlor.^^
Figure 3. Chemical Structure ofAcetochlor
Structurally, acetochlor and alachlor are isomers, and metolachlor
is a close analog. Therefore, these herbicides should be able to be
isolated from water and analyzed by similar methods. Promising new
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methods for isolation of these herbicides from water are solid phase
extraction (SPE) and solid phase microextraction (SPME).
Solid phase extraction has been an effective method for removing
pesticides from water samples.'^-^ In the recent past, SPE tubes and disk
have both shown great recovery of pesticides, SPE disk are usually
used to extract large volumes of aqueous samples when extremely low
concentrations are considered to be present. Where as SPE tubes are
used on a smaller scale to extract smaller volumes of aqueous samples.
For this research, SPE tubes are used to extract the pesticides from
aqueous sample.
The SPE tube is packed with a solid support bonded to porous
silica. The porous silica is constructed of hydrophilic silanol groups at
the surface of the raw silica packing. The surface has been chemically
modified with the hydrophobic allqrl or aryl functional groups (solid




Fignre 4. SPE Tube with Silica-based Packing
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The more popular solid supports for SPE have been octadecyl (C-18), and
more recently styrene-divenylbenzene copolymer for the isolation of
pesticides.^>2o For the purpose of this research, reversed phase tubes
have been selected in the removal for the anal3d;es (pesticides) where a
nonpolar stationary phase and a polar sample matrixwill retain organic
analytes and allow polar analytes to pass through the tube. The steps
for the extraction process include conditioning the tube with the
appropriate solvents, adding the sample, and eluting the anal3rtes with
the selected solvents (Figure
Figure 5. Steps for Solid Phase Extraction
Once the sample is extracted there is no possible manner in which the
sample can be extracted again. In addition, the appropriate solvents
must be selected to obtain a high recovery of the compounds of interest.
These two disadvatages of the SPE technique led to the development of
the extraction technique of solid phase microextraction.
9
Solid phase microextraction (SPME) is a new and inexpensive
extraction technique used for extracting organic compounds from
aqueous samples.® SPME has shown efficiency in the isolation of
pesticides from aqueous samples.21 SPME is based on the partitioning of
the analyte between the extracting phase immobilized on a fused-silica
fiber and the matrix.22 The fused silica fiber is held inside a S5ninge
sleeve for easier handling (Figure 6).®«22
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Fignre 6. Schematics of the SPME Device and Fiber Exposure
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The SPME technique involves exposing a fused-silica fiber coated with a
pol3nner (of certain type and thickness) phase to an agitated sample until
the partition equilibrium is reached between the analyte and the sorbent
medium.23 The fiber is then transferred to a heated GC injector and
thermally desorbed and determine by the GC (Figure 7).21 The extraction
and preconcentration occur in a single process step.
FiberAttaduBcatMeedis
Ajwcmmcw X)£SORrnc»<
Figure 7. Schematic Description of SPME Adsorption and Desorption
Classical extraction theory expresses the concentration of the
extracted anatytes in the solid phase at equilibrium as
Cs = KdCa
where Cs is the concentration of the analyte in the solid phase, Kd is the
partition constant of the analyte in the solid phase medium water
system, and Ca is the analyte concentration in the aqueous phase.23 The
preconcentration of the analyte by SPME comes from the magnitude of
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the Kd value of the analyte. The Kd value effects the interaction of the
pol3nner coated fiber with the sample in the preconcentration which
determines the limit of detection (LOD) senesitivity.®*23
Other factors that effect the LOD are the selection and thickness of
the polymer fiber, agitation of the sample solution, and the amount of
time determined for adsorption and desorption of the analytes. There are
several polymer fibers commercially available.^® A particular fiber is
chosen by the type of anal3des that are desired to be isolated and the film
thickness. The thicker the pol3nner film the longer time it will take to
reach equilibrium and for the analytes to adsorb into the fiber.22
Agitation of the sample significantly decreases the time to reach
equilibrium because the analytes molecules presentwill have ea^ access
to the fiber coating while the aqueous phase moves very rapidly with
respect to the fiber.22 These factors require minimum adjustment for




Alachlor (98.7% purity), metolachlor (98.7% purity), and acetochlor
(98.0 purity) were obtained from Supelco Inc. (Bellefonte, PA). Solid
phase extraction 6ml tubes of LC-18, ENVI Chrom P, and ENVI-18 with
packing of O.SOg, and a vacuum manifold were obtained from Supelco
Inc. (Bellefonte, PA). Solid phase microextraction 4ml vials, stand,
manual holder, polyaciylate SSum fiber, and carbowax/divinylbenzene
65pm fiber were obtained from Supelco Inc. (Bellefonte, PA). GC/MS
autosampler 2ml vials and caps were obtained from Hewlett Packard
(Wilmington, DE). Acetone, methanol -pesticide grade, methylene
chloride -GC Grade, ethyl ether, and hexane -GC grade were obtained
firom Fisher Co. (Norcross, GA).
3.2 Sample Preparation ofStock Solutions
Stock solutions of the pesticides were prepared to obtain individual
concentrations of lOOOppm. Each pesticide was weighed on an
analytical balance to 0.0001 at O.OSOOg and placed in separate 50ml
volumetric flasks. The solvent used for the solutions was pesticide
12
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grade- methanol. The stock solutions were stored in a dark at room
temperature to avoid photolysis.
3.2.1 Preparation of Standards
Four standards were prepsired from the stock solutions.. 25ppm,
50ppm, lOOppm, and ISOppm standards were prepared by pipetting the
appropriate amount of stock solution into 10ml volumetric flasks and
diluting with methanol. Each standard contained alachlor, metolachlor,
and acetochlor.
3.2.2 Preparation of Samples
Three samples with concentrations of lOOppm containing the
pesticides were prepared for the comparison experiments The
appropriate volumes of the pesticides were pipetted into 25ml volumetric
flask and diluted with ultra pure water. The samples were stored in the
dark at room temperature.
3.2.3 Preparation of Photodegradation Samples
Separate lOOppm samples of alachlor, metolachlor, and acetochlor
were prepared from the stock solutions. The appropriate volume from
each stock solution was pipetted into separate 25ml volumetric flask and
diluted with ultra pure water. The samples were placed under a




A Hewlett Packard 5972 A Series II GC/MS equipped with
electronic pressure control and a 5973 auto-injector was used for solid
phase extraction analysis. The anal3dical column used was a Hewlett
Packard HP 5 MS crosslinked 5% Ph Me silicone, 0.25nim i.d. x 30m.
The GC oven was programmed to increase from 50®C to 300®C at a rate
of 20°C/min, followed by a hold at that temperature for 5 minutes. The
injector and the mass spectrometer transfer line temperature was 300®C.
The carrier gas used was helium at a flow rate of 0.8ml/min. The mass
spectrometer was used in the scam mode with a mass range of 50 to 550
mass units. The normal run time used for an analysis was 21 minutes.
Solid phase microextraction analysis was done using a Hewlett
Packard 5972 A Series n GC/MS equipped with electronic pressure
control. The analytical column used was a Supleco Inc. 0.25mm x 30m,
0.25|un film. The oven was programmed to increase from 50®C to 300®C
at a rate of 20°C/min, followed by a hold at that temperature for 5
minutes. The injector and mass spectrometer transfer line temperature
was 300°C. The carrier gas used helium at a flow rate 0.8ml/min. The
mass spectrometer was used in the scan mode with a mass range of 50
to 550 mass units. The normal run time used for an analysis was 21
minutes.
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3.3.1 Calibration of the GC/MS
The autosampler GC/MS and the manual sampler GC/MS were
calibrated in a similar manner. Prepared standards with concentrations
of 25ppm, SOppm, lOOppm, and ISOppm were used to obtain a
calibration curve by a linear regression fit. A correlation coefRcient of
greater than or equal to 0.99 was obtained for all three pesticides. The
calibration of both instruments was vital to ensure the accuracy of the
quantitative analysis.
3.4 Solid Phase Extraction Ebcperiment
Three prepared lOOppm samples were used to accomplish the SPE
experiment isolating the pesticides from the aqueous matrix. SPE tubes
used in the experiment were ENVI Chrom P, LC-18, and ENVI-18. The
ENVI Chrom P tube is constructed of styrene/divinylbenezene copol3nner
resin. The LC-18 tube is constructed of octadecyl (CH3(CH2)i7) ~10% C.
The ENVI-18 tube is constructed of octadecyl (CHaCCHaji?) ~17% C. Three
different series of solvents were used for conditioning of the tubes and
elution of the analytes to determine which series would produce the
largest recovery of the pesticides.
The first solvent series used in the SPE experiment was methylene
chloride. Each tube was conditioned with 5ml ofmethlyene chloride, 5ml
ofmethanol, and 5ml of ultra pure water. Each solvent was vacuumed
through the tubes separately without allowing the tubes to dry at a
vacuume pressure. Then 5ml of the samples were vacuumed through at
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5" Hg for prolong contact with the packing. The waste was discarded.
The analytes were eluted by vacuuming through methylene chloride at 5"
Hg into 5ml volumetric flask to the mark.
The second solvent series used in the SPE experiment was acetone.
Each tube was conditioned with 5ml of acetone, 5ml ofmethanol, and
5ml of ultra pure water. Each solvent was vacuumed through the tubes
separately without allowing the tubes to diy at 10" Hg. Then 5ml of the
samples were vacuumed through at 5" Hg for prolong contact with the
packing. The packing was then dried for 15 minutes. The anal3rtes were
eluted by vacuuming through methanol at 5" Hg into 5ml volumetric
flasks to the mark.
The third solvent series used in the SPE experiment was
hexane/ethyl ether (50:50). Each tube was conditioned with 5ml of
hexane/ethyl ether, 5ml of methanol, and 5ml ultra pure water. The
solvents were vacuumed through the tubes separately without allowing
the tubes to diy at 10" Hg. Then 5ml of the samples were vacuumed
through at 5" Hg for prolong contact with the packing. The packing was
dried for 15 minutes. The anal3rtes were eluted by vacuuming through
hexane/ethyl ether at 5" Hg into 5ml volumetric flasks to the mark. The
extractions were quantified by GC/MS equipped with the autosampler.
3.4.1 Solid Phase Microextraction Experiment
Prepared lOOppm samples were used in the SPME experiment to
isolate the pesticides from the aqueous matrix. The SPME fiber used in
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the first experiment was a polyacrylate polymer filmwith a thickness of
85 pm. The second SPME fiber used in the experimental protocol was a
carbowax/divinylbenzene polymer with a film thickness of 65|xm. Each
experiment was repeated five times. For each experiment the fiber was in
contact with the sample for 1 minute 30 seconds while being agitated on
a magnetic stirrer. The fiber was then placed in the injection port of the
manual GC/MS for desorption and column preconcentration for three
minutes before the GC run was started.
The SPME results were compared with the results from the SPE
experiments to determine which technique gave a greater recovery of the
pesticides.
3.5 Photodegradation Experiment
Samples from the photodegradation solutions of alachlor,
metolachlor, and acetochlor were taken each day for five days. Each
sample was extracted by SPME with the polyacrylate fiber and by the
carbowax/divinylbenzene polymer fiber. The results from the GC/MS
were examined to observe whether the herbicides showed a concentration
loss by a photodegradation pathway.
CHAPTER 4
RESULTS AND DISCUSSION
4.1 Identification of Herbicides
The herbicides were identified by Gas Chromatography/Mass
Spectrometry (GC/MS) to obtain the retention times. Acetochlorwas
eluted first with a retention time of 14.62 minutes, then alachlor at 14.74
minutes, and metolachlor was at 14.92 minutes. Figure 8.
Figure 8. Gas Chromatogram A) Acetochlor, B) Alachlor, C) Metolachlor
The three herbicides can be distinctly identified by their mass spectra.
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Fl|^e 9. Mass Spectra ofAcetochlor, Alachlor, and Metolachlor
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(M*) observed at a mass/charge ratio (m/z) of 269. The loss of chlorine is
identified by a peak at m/z = 234. Major fragments were observed at
m/z = 223 which represents the loss of methanol, and at m/z= 162 and
146 which represents more hydrocarbon loss of the structure. Alachlor
is an isomer of acetochlor, however, the mass spectrum of alachlor is
quite different with the molecular ion peak (M*) being observed at
mass/charge ratio (m/z) of 269. There is the loss ofmethanol atm/z =
237, ethanol atm/z = 224, and chlorine at m/z = 202. Major fragments
were observed at m/z = 188 and 160 which represents more hydrocarbon
loss of the core structure. The mass spectrum of metolachlor has a
molecular ion peak (M+) at a mass/charge ratio of 283. The loss of an
ethoxy group is identified by a peak at m/z = 238. The loss of an ethyl
group is identified by a peak at m/z = 211, and the loss of chlorine is
identified atm/z = 176. A major fragment is observed at m/z = 162
which represents more hydrocarbon loss of the core structure.
4.1.1 Calibration Curves and Statistical Analysis
The GC/MS equipped with the auto-injector was calibrated by four
standards at concentrations of 25ppm. SOppm, lOOppm, and ISOppm.
The calibration curve for each herbicide had a correlation coefficient of ^
0.989, Figure 10.
Figure 10. Calibration Curves for GC/MS Auto-injector
The manual GC/MS was calibrated with four standards of similar
concentration. The calibration curve for each herbicide had a correlation
coefficient of ^ 0.992, Figure 11.
The calibration curves were determined by the GC/MS using the
intergrated ion current. The intergrated ion current of acetochlor was
m/z = 146, alachlor was m/z = 160, and metolachlor was m/z = 162. A
forced zero fit was not used for the calibration curves.
The calibration curves were tabulated based on a least-square
method, which is a regression method. The regression method
establishes a linear relationship between the anal3d:e concentration (x) ,
which is the standard concentration, and the measured variable (y),
which is the response factor generated by the GC/MS (Appendix A). The
linear relationship is expressed by the equation for a line
y= mx + b
where b is the intercept and m is the slope of the line. From the
information of the curve, the standard deviation of the slope was
determined by first defining three quantities, Sxx, Syy, and Sxy as follows:
C4TT1II (1)
Syy - Z(yi - (2)
Sxy = 2(xi-x)(yi-i/) (3)
where Xi and yi individual pairs of data for x and y, and x and y are the
average variables. Four quantities were derived from Sxx, Syy, and Sxyi
23
11. Calibration Curves for Manual GC/MS




2. The intercept b: (5)
b = y-mx
3. The standard deviation about regression Sri
Sr = sqrt(Syy - m2Sjqr)/N - 2 (6)
4. The standard deviation of the slope m:
Sm ~ sqrt(Sr^/Sxx) (7)
where sqrt is the square root and N is the number of pairs of data used
in preparation of the calibration curve.
The slope, intercept, and standard deviation of the slope were
determined for each of the calibration curves. Table 1 represents the
statistical analysis for the calibration of the GC/MS equipped with the
auto-injector.
Herbicide Slope (m) Intercept (b) Standard deviation of
slope (Sm)
Acetochlor 31841.3 -819159.0 2250.9
Alachlor 53422.0 -1405918.0 3908.7
Metolachlor 165646.7 -4049341.0 9159.97
Table 1: Regression Analysis of Calibration Curves for Auto-injector
GC/MS
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The confidence limit (C.L.) for the slope of each calibration curve
was determined using “t" which represents values levels of probability
(Appendix B) at a certain confidence limit. At a 90% confidence limit
with the degrees of freedom being N - 2=2, the C.L. for each herbicide’s
calibration curve was derived in Table 2 where “t* = 2.92 using the
following equation
90% C.L. = m ± tSm (8)
Herbicide C.L. 90 % ofm
Acetochlor 31841.3 ±6572.57
Alachlor 53422.0 ± 11413.4
Metolachlor 165646.7 ±26747.11
Table 2. Confidence Limits of Slopes for GC/MS Auto-injector
C. L. for slopes of the herbicides indicates that it is probable to
90% that the slopes may deviate by «20% over the course of analysis.
The slope, intercept, and standard deviation of the slope were
tabulated for the manual GC/MS (SPME analysis) in the same manner
and is represented in Table 3. The confidence limit for each slope was
derived by using equation (8) and is represented in Table 4.
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Herbicide Slope (m) Intercept (b) Standard Deviation of
slope (Sm)
Acetochlor 48130.3 -951752.0 3053.6
Alachlor 90573.0 -1619261.0 5532.8
Metolachlor 292580.5 -4798185.0 15893.3
Table 3: Regression Analysis of Calibration Curves for Manual GC/MS
Herbicide C.L. 90%ofm
Acetochlor 48130.3 ±8916.6
Alachlor 90573.0 ± 16155.9
Metolachlor 292580.5 ± 46408.0
Table 4. Confidence Limits of Slopes for Manual GC/MS
The C. L. for the slopes of the herbicides indicates at 90% probability
that the slopes may deviate by «18% over the course of analysis. It
should also be noted that the slope obtained in the SPME analysis, when
compared to SPE is much larger. This difference shows the SPME has a
much larger absolute sensitivity than SPE. In addition, a linear
relationship is established for samples with concentrations 20ppm to
ISOppm; outside of that range a non-linear relationship exist.
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4.2. Solid Phase Extraction Experiment
The herbicides were extracted by solid phase extraction (SPE) with
different solvent series and extraction tubes, and analyzed by GC/MS
equipped with the auto-injector. Table 5 represents the recovery of
pesticides from the aqueous samples using different extraction tubes and
solvent series. These values were applied in a F-test which indicates
whether there is a significant difference of the variance or precision of the
methods. Analysis of the data was done using Microsoft Excel to
tabulate the values for the F-test comparison (Appendix C). For all the
tubes and solvent series F was less than the critical value Fc (F< Fc)
which indicates that there was no significant difference in the variance
between the methods; however, the precision of the E-18 tubes was the
poorest among the extraction tubes. This is noteworthy given that its
accuracy appears better initially.
The t-Test (assuming equal variances between the extraction) was
tabulated with Microsoft Excel to compare the experimental
concentration of the extractions to the true concentrations of the
samples (Appendix D). The results of the t-Test for the methanol and
methylene chloride series indicated that the values of the extraction
concentrations were questionable because “t* was greater than critical
“tc*. The results of the t-Test for the hexane series indicated that the
extraction concentration values were favorable, and the E-18 extraction
tube gave the best results.
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Methylene Chloride Series (concentration ± a^)
Tube Acetochlor Alachlor Metolachlor
Envi Chrom P 54.9 59.0 63.3
LC- 18 76.8 74.9 83.4
Envi-18 88.0 90.1 92.1
Methanol Series
Tube Acetochlor Alachlor Metolachlor
Envi Chrom P 52.3 53.2 59.7
LC- 18 74.8 75.1 88.8
Envi-18 84.5 83.4 86.4
Hexane Series
Tube Acetochlor Alachlor Metolachlor
Envi Chrom P 117.2 112.5 119.7
LC- 18 118.2 112.7 112.4
Envi-18 102.3 107.6 102.2
Table 5. Percent Recovery of Herbicides from SPE
29
The t-Test result for the E-18 extraction tube was “t* was less than
critical “t” for all the herbicides recovered.
From the statistical analysis results for SPE, a better recovery of
the herbicides was observed for the E-18 extraction tube in the hexane
solvent series; however, the precision was poor.
4.3 Solid Phase Microesrtraction Experiment
The samples for the solid phase extraction (SPME) experiment were
extracted four times from the same vial with the 85pm polyacrylate fiber
to observe if the herbicides were isolated near the same concentration
level. The results of the SPME indicated that the pesticides were highly
and consistently recovered, Table 6.
Extraction Acetochlor Alachlor Metolachlor
1 163.5 164.6 114.1
2 155.2 158.1 108.0
3 160.2 162.8 112.4
4 155.3 155.7 104.5
mean 158.6 160.3 109.8
Table 6. Percent Recovery of Herbicides with the Polyacrylate Fiber
The samples were then extracted four times with the 65pm
carbowax/divenylbenzene fiber to observe if there is a similar recovery of
the herbicides. The results of the SPME indicate that there was a greater
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recovery of the herbicides, Table 7, using the same equilibrium, i.e.
contact time, for this fiber.
Extraction Acetochlor Alachlor Metolachlor
1 206.5 195.9 157.7
2 201.1 192.1 156.1
3 210.6 199.1 156.7
4 213.6 192.9 160.8
mean 208.0 195.0 157.8
Table 7. Percent Recovery of Herbicides with the
Carbowax/Divinylbenzene Fiber
The difference in the amount recovered by each extraction fiber was due
to several factors. The 85iim polycrylate fiber isolates polar semi-volatile
analytes, and the bS^un carbowax/divinylbenzene fiber isolates polar
analytes. The thickness of the fibers effects the time needed to reach
equilibrium. In this comparison the time used to reach equilibrium was
1 minute 30 seconds for both fibers. The results of the extractions
revealed that the carbowax/divinlybenzene fiber extractions had hi^er
concentrations because the fiber was thinner and isolated slightly
different analjrtes; therefore, the time for the anal3d;es to adsorb into the
polymer was different. Statistical analysis was not performed because of
the differences that exist between the fibers.
31
The carbowax/divinylbenzene fiber was tested to determine the
differences in equilibrium time between the two fibers, Figure 12.
Figure 12. Equilibrium Test for the Carbowax/DivinylbenzeneFiber
The test revealed that the maximum adsorption of the analyte was
measured at a minimum of 1 minute 45 seconds for metolachlor. The
time for the analytes to reach equilibrium was different from the
polyacrylate fiber because each fiber isolates slightly different analytes.
The polyaciylate fiber was chosen as the fiber for comparison in the
extraction of the herbicides because the herbicides are semi-volatile polar
compounds, and because the non-polar, carbowax/divinylbenzene fiber
only recently was available.
4.4 Photodegradation Experiment
The herbicides samples were extracted by SPME with the
polyaciylate fiber and the carbowax/divinylbenzene fiber after the sample
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were exposed to fluorescent light over the course of five days. The results
revealed that there was no true signs of degradation of the herbicides,
Figure 13. The half-life of alachlor is 15 days, metolachlor is 67 days,
and acetochlor is 12 days.i^ Therefore, after five days of exposure to light
in a controlled environment, the light had no effect on the herbicides.
Further experimentation is needed of the herbicides in agriculture








(Series 1“ Metolachlor, Series 2“ Alachlor, Series 3* Acetochlor)
Figure 13. Results of the Photodegradation Experiment
CHAPTERS
CONCLUSION
The solid phase microextraction (SPME) and the solid phase
extraction (SPE) techniques showed great efficiency in the recovery of the
herbicides; however, a better recovery of the herbicides was observed
with SPME in comparison. The SPE technique showed efficient recovery
of the herbicides using the Envi-18 tube and 50/50 hexane/ethyl ether
as the solvent. In addition, the recovery of the herbicides by SPE may
have not been effected by the amount of solvent used in the conditioning
and elution of the pesticides from the tubes. Another problem
encountered with SPE was that after the extraction is completed, is waste
and safety concerns of using hexane/ethyl ether.
The SPME is a better technique to use in the recovery of the
pesticides even though the parameters affecting the isolation of the
herbicides is the speed of agitation of the sample, and the time used to
reach equilibrium in the sample may be critical, but easily controllable.
The advantages of SPME in contrast to SPE is that there is less time
required to complete the extraction, repeated sample analysis by multiple
extractions using the same sample, and there is no waste to dispose.
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SPME demonstrated that this technique would be more efficient in
recovering herbicides from aqueous samples. This technique can be
applied to the previous research in isolation of the degradation products




Concentrations and Response Factors of Calibration Curves
Auto-injector GC/MS
Acetochlor Alachlor Metolachlor
X y Y y
25 163871 259467 776372
50 605563 956575 3234820
100 2232167 3728898 12800326
150 7071791 6793524 37637829
Manual GC/MS
Acetochlor Alachlor Metolachlor
X y Y y
25 488133 1032924 3721124
50 1122831 2309114 8099640
100 3933618 7668918 24910281




Values of t for Various Levels of Probability
Factor for Confulcncc Interval
Degrees of —
Freedom 80% 90% 95% 99% 99.9%
1 3.08 6.31 12.7 63.7 637
2 1.89 2.92 4.30 9.92 31.6
3 1.04 2.35 3.18 5.84 12.9
4 1.53 2.13 2.78 4.60 8.60
5 1.48 2.02 2.57 4.03 6.86
6 1.44 1.94 2.45 3.71 5.96
7 1.42 1.90 2.36 3.50 5.40
8 1.40 1.86 2.31 3.36 5.04
9 1.38 1.83 2.26 3.25 4.78
10 1.37 1.81 2.23 3.17 4.59
11 1.36 1.80 2.20 3.11 4.44
12 1.36 1.78 2.18 3.06 4.32
13 1.35 1.77 2.16 3.01 4.22
14 1.34 1.76 2.14 2.98 4.14




F-Test Comparison Auto-injector GC/MS
Methylene Chloride Series
AI«E-P !AI*LC-18 F-Tast: Two-Sampla for Variancaa
86.7 104.1 44if#| 4iitc-ra
83.2 103 Moan 83.13333 106.5





F Critical o 9.000019
AI«LC-18 Al> E-18 F-Test: Two-Sampla for Variances
104.1 TItT 1 AltLC-lt
103 122.2 Mean 106.5 127.0333





F Critical o 19.00003
AteE-P Ala E-18 F-Test: Two-Samoie for Variances
86.7 127.9 4* Are
83.2 122.2 Mean 83.13333 127.0333




P(F< «f| 0 0.394182
F Critical o 9.000019
mmE-p M(t LC-18 F-Test: Two-Sample for Variances
93.4 111.9
88.4 111.9 Mean 87.33333 115.1333





F Critical o 19.00003
MetLC-18 Met E-18 F-Test: Two-Sample fo Variartcea
111.9 128.2 1
111.9 122.5 Mean 115.1333 127.1







F Critic*! 0 19.00003
M«E-P MM E-18 F-Test: Two-Ssmple for Variances
93.4 128.2 Mt&ta
88.4 122.5 Mean 87.33333 127.1





F Critical oi 19.00003
ActE-P lAcI LC-18 F-Tast: Two-Sampla for Variancaa
90.3 114 ! Aetep\ Act iota
84.5 113.5 Mean | 84 117.7667





F Critical o 9.000019
Act LC-18 Act E-18 F-Tast: Two-Ssmpla for Vsriartces
114 135.4 1 ActLC-ia 1 Actl-lt
113.5 129.7 Mean 117.7667 134.8667





F Critical o 19.00003
Act E-P Act E-18 F-Tast: Two-Sampls for Variances
90.3 135.4 1 Acte-A Acttta
84.5 129.7 Mean 84 134.8667





1 F Critical o 19.00003
41
Methanol Series
Ala E-P Ala LC-18 F-Test: Two-Sampio for Variances
74.3 99.1 AbC-P Abt LC-18
7M 98.2 Moan 71.9 101.5667




PtF< -f) 0 0.148328
F Critical o 9.000019
Ala lC-18 AlaE-18 F-Tesl: Two-Sample for Variances
99.1 115.4 4^9 ic-ra Atic-ia
98.2 107.7 Mean 101.5607 112.7




jPiF<-no 0.422121!f Critical o 19.00003
1
!
Ala E-P Ala E-18 F-Test: Two-Sample for Variances
74.3 115.4 1 C P Abt E-18
71.1 107.7 iMean 71.9 112.7





IF Critical o 9.000019
Act E-P !Act LC-18 F-Tosl: Two-Sarnpie lor Variances
77.6 96.6 ActEP ActLC-18













F*T«si: TwAct LC-18 Act E-18 o-Sample for Variances
96.6 119.2 AtUC-18 Act E-18
104.4 112.9 Mean 104.0667 117.6333









Act E-P Act E-18 F-Test: Two-Sample for Variances
77.6 119.2 AetEP Act E-18
70.2 112.9 Mean 72.7 117.6333





1 F Critical o 19.00003
Met E-P Met LC-18 F-Test: Two-Sample for Variances
83.6 103 Mete-p Met LC-18
74.3 106.8 Mean 77.46667 106.4667





F Critical o 19.00003
F-Test: TwMet LC-18 Met E-18 o-Sample for Variances
103 113 Met LC-18 Met E-t8
106.8 108 Mean 106.4667 111.9667







F Critical o 9.000019
Mat E-P Met E-18 F-Test: Two-Sample for Variances
83.6 113 Met E-P Mete-18
74.3 108 Mean 77.46667 111-9667





F Critical 0 19.00003
42
Hexane Series
Act E-P Act LC08 F-Test: Two-Sample for Variar>cet
181.1 185.6 Acti-^ 1 ActLC-18
170 177.3 Mean 180.6 182.3





F Critical o 19.00003
i
ActLC-18 (Act EOS F-Tast: Two*Samplefo Variances
1S5.6I 153.4 AttLC-ta
177.31 165.4 Mean 182.3 157.6667








Act E-P Act E-18 F'Teat: Two>Sanipie for Variar>cea
181.1 153.4 Actep\ Actc-ta
170 165.4 Mean 180.6 157.6667





F Critical o 19.00003
Ala E-P AlaLC-18 1 F-Tast: T%vo-Sample for Variances
163.1 1161.9 I Alme^ Alt iota
155.2 156 Mean 161.5667 495.3667




P(F< «f» o 9.94E-05
F Critical o 9.000019
Ala LC-18 Ala E-IB F-Test: Two-Sample for Variancea
161.9 144.3 I AfLC’ta I Akit^ta
156 165.4 Mean 162.0333 154.6333





F Critical o 9.000019
Ala E-P Ala E-18
163.1 144.3 P-Test: Two-Sampla for Variances
155.2 165.4 Af e-p 1 aia e-ta






F Critical o 9.000019
Met E-P iMetLC-18 F-Test: Two-Semple for Variances
167^1 165.9 t MerfA Met tC ta
154.6i 160.8 Mean 164.2 164.9667
170.8 168.2 Variance 72.36 14.34333
1 Observatio 3 3
1 df 2 2
1 F 5.044862
1 P(F<«f} 0 0.16543
F Critical o 19.00003
MetLC-18 Met E-18 F-Test: Two-Semple for Variartces
165.9 139.7 MtUC^fS I
160.8 146.2 {Mean 164.9667 140.9667




|P(F<»f) 0 0.390756If Critical o 9.000019
Mat E-P Met E-18 IF-Tast; Two-Sample for Variancaa
167.2 139.7 1 1 Mer FA MH&ia
154.6 146.2 (Mean 164.2 140.9667











Act E-P TAct t-Test: Two-Sample Assuming Equal Variances
90.3 153.3 Act E-P TAct 1
84.5 153.3 Mean 84 . 153.31






P|T< =t) o 2.63E-05
t Critical on 2.131846
P(T<=t) t 5.26E-05
t Critical tw 2.776451
Act LC-18 TAct t-Test: Two-Sample Assuming Equal Variances
114 153.3 Act LC-18 TAct
113.5 153.3 Mean 117.7667 153.3







t Critical on 2.131846
P(T<=t) t 0.000904
t Critical tw 2.776451
Act E-18 TAct t-Test: Two-Sample Assuming Equal Variances
135.4 153.3 Act £-18 TAct
129.7 153.3 Mean 134.8667 153.3






P(T< =t) o 0.001456
t Critical on 2.131846
P(T<=t) t 0.002911
t Critical tw 2.776451
45
Alachlor
AlaE-P TAIa t-Test: Two-Sample Assuming Equal Variances
86.7 140.8 AlaE-P TAIa
83.2 pbo Mean 83.13333 140.8






P(T< =t) o 5.02E-06
t Critical on 2.131846
P(T<=t)t IE-05
t Critical tw 2.776451
Ala LC-18 TAIa t-Test: Two-Sample Assuming Equal Variances
104.1 140.8 AlaLC-ia TAIa
103 140.8 Mean 106.5 140.8







t Critical on 2.131846
P(T<=t) t 0.00032
t Critical tw 2.776451
Ala E-18 TAIa t-Test: Two-Sample Assuming Equal Variances
127.9 140.8 Ala E-18 TAIa
122.2 140.8 Mean 127.0333 140.8







t Critical on 2.131846
P(T<=t) t 0.005917
t Critical tw 2.776451
46
Metolachlor
Met E-P TMet t-Test: Two-Sample Assuming Equal Variances
93.4 138 Met E-P TMet
88.4 138 Mean 87.33333 138






P(T< =t) o 9.61 E-05
t Critical on 2.131846
P(T<=t) t 0.000192
t Critical tw 2.776451
Met LC-18 TMet t-Test: Two-Sample Assuming Equal Variances
111.9 138 MetLC-IB TMet
111.9 138 Mean 115.1333 138






P(T< =t) o 0.001055
t Critical on 2.131846
P(T<=t)t 0.002109
'
t Critical tw 2.776451
Met E-18 TMet t-Test: Two-Sample Assuming Equal Variances
128.2 138 Met E-18 TMet
130.6 138 Mean 127.1 138






P(T< =t) o 0.005258
t Critical on 2.131846
P(T<=t)t 0.010515
t Critical tw 2.776451
Methanol Series
Acetochlor
ActE-P TAct t-Test: Two-Sample Assuming Equal Variances
77.6 139.1 ActE-P TAct
70.2 139.1 Mean 72.7 139.1






P(T< =t) o 5.51 E-06
t Critical on 2.131846
P(T<=t) t 1. IE-05
t Critical tw 2.776451
Act LC-18 TAct t-Test: Two-Sample Assuming Equal Variances
96.6 139.1 Act LC-18 TAct 1
104.4 139.1 Mean 104.0667 139.1







t Critical on 2.131846
P(T<=t) t 0.001148
t Critical tw 2.776451
ActE-18 [TAct t-Test: Two-Sample Assuming Equal Variances
119.2 139.1 1 Act £-18 TAct
112.9 139.1 Mean 117.6333 139.1







t Critical on 2.131846
P(T<=t) t 0.00088
t Critical tw 2.7764511
Alachlor
Ala E-P TAIa t-Test: Two-Sample Assuming Equal Variances
74.3 135.2 Ala E-P TAIa 1
71.1 135.2 Mean 71.9 135.2






P(T< =t) 0 4.16E-07
t Critical on 2.131846
P(T< =t) t 8.31 E-07
t Critical tw 2.776451
Ala LC-18 TAIa t-Test: Two-Sample Assuming Equal Variances
99.1 135.2 AlaLC-ia TAIa
98.2 135.2 Mean 101.5667 135.2






P(T< =t) o 0.000164
t Critical on 2.131846
P{T<=t) t 0.000328
t Critical tw 2.776451
Ala E-18 TAIa t-Test: Two-Sample Assuming Equal Variances
115.4 135.2 Ala E-18 TAIa
107.7 135.2 Mean 112.7 135.2






P(T< =t) o 0.000424
t Critical on 2.131846
P(T< =t) t 0.000847
t Critical tw 2.776451
49
Metolachlor
Met E-P TMet t-Test: Two-Sample Assuming Equal Variances
83.6 129.6 Met E-P TMet
74.3 129.6 Mean 77.46667 129.6






P(T<=t) o 3.51 E-05
t Critical on 2.131846
P(T< =t) t 7.03E-05
t Critical twi 2.776451
Met LC-18 TMet t-Test: Two-Sample Assuming Equal Variances
103 129.6 MetLC-ia TMet
106.8 129.6 Mean 106.4667 129.6







t Critical on 2.131846
P(T< =t) t 0.000268
t Critical tw 2.776451
Met E-18 TMet t-Test: Two-Sample Assuming Equal Variances
113 129.6 Met E-18 TMet
108 129.6 Mean 111.9667 129.6







t Critical on 2.131846
P(T<=t) t 0.001019
t Critical tw 2.776451
Hexane Series
Acetochlor
ActE-P TAct t-Test: Two-Sampie Assuming Equal Variances
181.1 154.1 1 ActE-P 1 TAct
170 154.1 Mean 180.6 154.1






P(T< =t) o 0.005707
t Critical on 2.131846
P(T< =t) t 0.011415
t Critical tw 2.776451
Act LC-18 TAct t-Test: Two-Sample Assuming Equal Variances
185.6 154.1 Act LC-18 TAct
177.3 154.1 Mean 182.3 154.1







t Critical on 2.131846
PIT<=t) t 0.000376
t Critical tw 2.776451
Act E-18 TAct t-Test: Two-Sample Assuming Equal Variances
153.4 154.1 ActE-ia TAct
153.4 154.1 Mean 153.4 154.1






PIT< =t) 0 7.35E-23
t Critical on 2.131846
P|T<=t)t 1.47E-22
t Critical tw 2.776451
51
Alachlor
Ala E-P TAIa t-Test: Two-Sample Assuming Equal Variances
163.1 143.7 1 Ala E-P TAIa
155.2 143.7 Mean 161.5 143.7






P(T< =t) o 0.002779
t Critical on 2.131846
P(T< =t) t 0.005559
t Critical tw 2.776451
Ala LC-18 TAIa t-Test: Two-Sample Assuming Equal Variances
161.9 143.7 AlaLC-ia TAIa
156 143.7 Mean 162.0333 143.7







t Critical on 2.131846
P(T< =t) t 0.006495
t Critical tw 2.776451
Ala E-18 TAIa t-Test: Two-Sample Assuming Equal Variances
143.3 143.7 1 Ala E-18 1 TAIa \
153.4 143.7 Mean 146.5 143.7






P{T< =t) o 0.23146
t Critical on 2.131846
P(T< =t) t 0.462921
t Critical tw 2.776451
52
Metolachlor
Met E-P TMet t-Test: Two-Sample Assuming Equal Variances
167.2 137.9 Met e-P TMet
154.6 137.9 Mean 164.2 137.9







t Critical on 2.131846
P(T< =t) t 0.005866
t Critical tw 2.776451
MetLC-18 TMet t-Test: Two-Sample Assuming Equal Variances
165.9 137.9 MetLC-18 TMet
160.8 137.9 Mean 164.9667 137.9






P(T< =t) o 0.000122
t Critical on 2.131846
P(T<=t) t 0.000245
t Critical tw 2.776451
Met E-18 TMet t-Test: Two-Sample Assuming Equal Variances
139.7 137.9 Met E-18 TMet 1
146.2 137.9 Mean 140.9667 137.9







t Critical on 2.131846
P(T<=t) t 0.324205
t Critical tw 2.776451
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